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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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Abstract
We have made the first time resolved measurement of the quasiparticle current in a
superconducting tunnel junction induced by picosecond electrical pulses propagating in free

space. : D ¢

* This work was ‘supported in part by the Director, Office of Energy
Research, Office of Basic Energy Sciences, Materials Sciences Division of the
f-»' U. S. Department of Energy under Contract No. DE-AC03-76-SF00098.
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Summary |
( We have used picosecond electrical pulses to ni&sure the broa&band quasiparticle
response ’ofva Nb trilayer superconductor-insulator-superconductor (SIS) junction in both the
linear and nonlinear regimes. Electrical pulses are especially well suited to the nonlinear

regime since large instantaneous voltages can be applied while the average power is kept

- low.

The broadband response of the SIS device is inferred from the dc current induced by

interfering two électrical pulses at the junction, as a function of the time delay'between them.

‘Figure 1 is a schematic diagram of the interferometer [1]. The electrical pulses were

generated by illuminating a silicon photoconducting switch at the feed of a 300 um dipole.
antenna. A Ti-Sapphire laser producing 100 fs pulses excites the photoconductive switch,

generating an electrical pulse with duration ~ 10 ps, centered at 180 GHz. The electrical
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pulses from two separate antennas are collimated by lenses and parabolic mirrors and then
~ combined with a mylar beamsplitter. A final parabola directs the v Apulsves onto the
pofypropylene window of a 42K cryostat. which houses tne junction. . The radiation is then
coupled to the SIS junction via a quartz hyperhemisohere and a log-periodic planar antenna. |

The SIS jnnction can be modeled as a superposition of voltage tunable iwo level
systems [2]. The BCS theory [3] predicts strong absorption for hfy > 2A - eVpiag, Where
Vbias is the dc voltage across the junction. In response to. a voltage pulse, the current is
expected to oscillate near the frequency fg and to decay with a lifetime related to the
oroadening of the dc I-V curve. For our SIS junction, 2A = 2.75 meV and. the measured
width of the threshold in the dc I-V curve correSponds to a decay time of 10 ps.

The signal generated by two electrical pulses 1nc1dent on the junction as a function of
the time delay between them is shown in Figure 2a. Vpjas was varied from 2.6 mV to 2 0
mV, tunmg fo from 36 GHz to 180 GHz The shift in relative spectral weight from low to
‘high frequenmes is seen clearly in Fourier transforms of these data shown in Figure 2b.
_ ~ Figure 3 shows the result of a measurement similar to Fig. 2a, except that Vbias = 1.0

mV, correspondmg to fo = 420 GHz. At this bias, the linear response is expected to be small

‘since the 420 GHz component of the electrical pulse is negligible. The observed response
shows direct evidence for a nonlinear mechanism, i.e. two photon absorption. For example
the signal scales as tne electric field amplitude to the founh po;ver. In addition the
i’interference" pattern is rectified in that the current has a large dc component.

In conclusion, we have applied the technique of picosecond electrical pulse generation
to study the time—domain response of a SIS tunnel junction in the linear and nonlinear regimes'.
The sueceesful measurement of two-photon absorption in an SIS junction demonstrates the

application of picosecond electrical pulses to time-resolved non-linear spectroscopy.
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Figure Captions:

Fig. 1: Schematic lﬁyout of the picosecond electrical pulse interferometer

Fig. 2: (a) Quasiparticle current generated by two ele_étrical pulses versus time delay
between them, for several values of Vbias- (b) Ampﬁtude of the Fourier transforms of
the data in (a). - o |
Fig. 3: Two photon cross-correlation showing rectification with the SIS juriction biased

at 1.0 mV.
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